UK Patent Application M GB <„, 2 170 516 A 

(43) Application published 6 Aug 1986 



(21) Application No 8602114 j 


(51) INTCL* 


B22F3/00 C22C 29/00 


(22) Date of filing 29 Jan 1986 




(52) Domestic classification (Edition H): 


(30) Priority data 


C7D 8A1 8A2 8H 8Q 8U 8W 8Y 8Z1 2 8Z2 8Z4 8Z5 8Z8 


829 A1 


(31) 60/020062 (32) 6 Feb 1985 (33) JP 


U1S 1404 1974 2038 C7D 




(56) Documents cited 


(71) Applicant 


GB A 2140823 


Asahi Glass Company Ltd. (Japan), 




No 1-2 Marunouchi 2-chome, Chiyoda-ku, Tokyo, Japan 


(58) Field of search 




C7A 


(72) Inventors 


C7D 


Nobuo Kageyama, 


Selected US specifications from IPC sub-classes B22F 


Keiictiiro Suzuki, 


C22C 


Yutaka Furuse 




(74) Agent and/or Address for Service 




Carpmaels 8i Ransf ord, 43 Bloomsbury Square, 




London WC1A 2RA 





(54) Silicon carbide sintered article and process for its production 



(57) A silicon carbide sintered article consisting essentially of silicon carbide; from 0.5 to 35% by weight as 
calculated as Al relative to the silicon carbide, of Al and/or a refractory Al compound; and from 2 to 99% by weight, 
relative to the silicon carbide, of at least one boride selected from borides of elements belonging to Groups 4A, 5A 
and 6A in the 4th, 5th and 6th periods of the periodic table, wherein at least a half amount of silicon carbide grains is 
constituted by elongated and/or plate-like silicon carbide grains. 
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SPECIFICATION 

Silicon carbide sintered article and process for its production 

5 'SmSHSn '"T!!?? re,ateffto . a silicon carbide sintered artjcle. More particularly, it relates to a silicon e 
plodSidn ,C COmpnsing an a,uminum (Al) component and a boride. and a process for its 

Silicon carbide is a covalently bonded compound having high hardness and rigidity, a small thermal 
^noth°^ e ?r nt ^ 8 hi9h d „ e co ^ osition temperature. A sintered article of siKcon carb ide hTs high 
10 strength at high temperatures, and it is expected to be used as a light-weight high temperature WcTral ,n 
material having high thermal shock resistance and excellent wear resistance m P Braiure structural 10 

For the production of high density sintered articles of silicon carbide, e hot pressing method a 
pressureless sintering method, a reaction sintering method and a CVD methodare known. However hiohlv 
mTnlnth * T f?"' "T* U-nB * s^*™ 0 additive b * the hot P«ssinJmXoc to 
, %Tv"SS^ 15 
Heretofore, researches have been particularly active on the method for obtaining sintered articles having 
h.gh strength, and ,t has been proposed to use boron or boron compounds and carbon as sintering addles 
•n e.g. U.S. Patents 4,004,934 and 4,124,667. These additives have drawbacks such that the Z ue of fractSrT 
20 toughness w.ll be low and the sintering temperature is required to be high, although they ha^excellent 
characterist cs such that they are capable of promoting the densification with a small amoumanS tne 
strength will not deteriorate up to a high temperature. 

On the other hand, it has been proposed to use Al 2 0 3 as a sintering additive in e.g. U.S. Patent 4 354 991 
The sintered article produced underthe preferred conditions has high strength and a high value of frarture 
25 toughness and is superior as a usual high temperature structural material. However, when ?tTs used^ " 
contact with a steel materia orthe like at high temperatures, it is possible thata low melS-point 
compound (such ascementiteorferrosilicon) in Fe-Si-C system, isformed by the reaction of silicon carbide 
with iron. Theref ore, it is not necessarily useful for applications where abrasion is involved. Th s drawback 
30 alaSering ao^itTve" " *" above - mentioned bo ™ «" b °™ compounds are used in a smaTa^ount 
On the other hand, borides such as BN, TiB 2 , ZrB 2 and CrB 2 , are known as materials having high corrosion 

S" ce T"*,}™' "T ? iS , di . ffiCU,t t0 ° btain hi9h densit V 8intered P roduct s ofthL Serial Even 
rf high density products were obtained, it was difficult to obtain a high value of fracture toughness with them 

thi« h 0 ^ h n St T , ? anCe w ™.\ na ?*W*e- Fu rt"er, the production of composite sintered produrts of 
36 US Mta i diS Lit S ° n M ' ,deS add6d 8 ,8r9e am ° Unt tC 8i " COn si "^"g 35 

U.S. Patent 4,327,186 proposes to produce a silicon carbide sintered article containing TiB, bv a 
pressureless sintering method. However, in this method, boron and carbon are used as sintering additives 
whereby it is impossible to obtain a high value of fracture toughness. Further, EP95720A and Japanese 
40 SS? Tn ed P wb"! P u bliC l at !? n N °' 101702/19 84 disclose silicon carbide sintered articles obtained by 

iZrtf. L°t b n ° k S 'i k°1 CarbidB P ° Wder havlnB a partic,e size of a fe w micrometers to impart 

electric conductivity followed by hot pressing. However, it is considered that even if Al z O, is used as a 

w7be n sti;?ow Ve ' ' COn 9ra ' nS Wi " bS eqUf8Xed 9ralnS ' Whereby the Va,ue of ,ra * ure toughness 

45 The present invention is intended to solve the above-mentioned problems of the prior art. 

Namely, it is an object of the present invention to provide a silicon carbide sintered article having high 
density and high corrosion resistance while maintaining excellent mechanical properties such as high 
flexural strength and high fracture toughness, which yet can be formed into various desired shapes and to 
provide a process for its production. 
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50 frnm or^^T^ p5 rOWd ? *■ "!, 0n CarWde Slntered ***** »n»-*-ng essentially of silicon carbide; 
from0.5to35%by weight , as calculated as Al relative to the silicon carbide of Al and/or a refractory Al 
compound; and from 2 to 99% by weight, relative to the silicon carbide, of at least one boride selected from 

tZrZt** £ e, ° ngm ? *? <?™*» **• 5A 8nd 6A in the 4th ' 5th and 6th P e " ods ^ the periodic table, 

wherein at least a half amount of sHicon carbide grains is constituted by elongated and/or plate-like silicon 
55 carbide grains. 

The present invention also provides a process for producing a silicon carbide sintered article which 
compnses sintering a green body comprising silicon carbide, from 0.25 to 40% by weight, as calculated as Al 
relatve totte silicon carbide, of Al and/or an Al compound a 

60 Groups 4A, 5A and 6A in the 4th, 5th and 6th periods of the periodic table, in a vacuumed atmosphere o?in a 
23CK?C ^ atm ° Sphere Under a P ressure of not higher than 10 atm at a temperature of from 1800 to 

Now,the present invention will be described in detail with reference to the preferred embodiments. 

— The silicon c arbide sintered article of the pre s ent invent ion is Composed basically of the following three 

. ^ c °^ ,ponen f' '"ftirst component is silicon carbide. I he second component is Al.di id/or a retractor/ Al 55 



50 



55 



60 



GB 2 170 516 A 



5 



compound. The third component is at least one boride selected from borides of elements of Groups 4A, 5A 
and 6A in the 4th, 5th and 6th periods of the periodic table, i.e. titanium (Ti), sirconium (Zr), hafnium (Hf), 
vanadium (V), niobium (Nb), tantalum (Ta). chromium (Cr), molybdenum (Mo), and tungsten {W>. 

The silicon carbide sintered article of the present invention is preferably composed solely of the three 
components, but may contain other components in small amounts not to impair the object and effects of the 5 
present invention. Further, even when the article is composed essentially of these three components, it may 
contain very small amounts of impurities such as Fe, eta e.g. derived from the starting material sihcon 
carbide powder or unavoidable impurities attributable to the starting materials* such as SiOz contents 
attributable to the oxidized surface of the starting material silicon carbide powder, or unavoidable impurities 
in included during e.g. the pulverization or mixing process forthe starting material powders. 10 
Aland/orarefractoryAicompoundofthesecondcomponentservesasanagentforpromotingthe 

sintering and, in particular, serves to control the structure of silicon carbide grains in the sintered article. The 
Al compound includes a compound such as aluminum hydroxide or aluminum isopropoxide, which 
undergoes pyrolysis to release water and organic components and to be converted into Al 2 0 3 (alumina) 

, K which is stable at high temperatures. The refractory Al compound in the present invention means an iAI 15 
compound which is stable at high temperatures, such as Al 2 0 3 . The refractory Al compound further includes 
A1N AUC3, aluminum oxynitride (such as AI^O^Ns) and AIB 2 . However, as the second component of the 
present invention. Al and/or Al 2 0 3 . especially AfcO* is preferred in view of the availability and handling 
efficiency of the raw material. . 

,n The second component is contained in an amount of from 0.5 to 35% by weight (hereinafter indicated 20 



30 



35 



Theseconacomponeniiscoiiianicuuiciiici 1 iiwu..»«. ...... : "7 . . . Xi , _ . 

simply by "%" unless otherwise specified) as calculated as Al relative to the silicon carbide of the first 
component If the second component exceeds 35%. it is likely thatthe high temperature strength orthe 
thermal shock resistance deteriorates. It is preferably not higher than 25%. If it is less than 0.5%, the sintering 
tends to be difficult. It is preferably at least 1 .0%. It is more preferably from 3.5 to 1 5% so that the sintered 
25 article has particularly good physical properties. The term "as calculated as Al" means, for example, that 25 
when Al 2 0 3 is 1 0% relative to the silicon carbide, it is 5.3% as calculated as Al. 

The above-mentioned borides of the third component are considered to have a function to improve the 
overall corrosion resistance of the sintered article against e.g. iron. It is considered that in a non-oxidizing 
atmosphere, their inherent nature of being hardly wettable with e.g. iron servesto prevent the reaction of 
•an silicon carbide with e.g. iron. . . 

30 Assuch borides, TIB. TiB* ZrB. ZrB* HfB* Nb 3 B 4 , TaB 2 , CrB. CrB 2 , MoB 2 , M0B4, WB» WB 4 and the 
like may be mentioned. Among them, borides of Group 4A or 6A elements, particularly TiB* ZrBa, CrB 2 , 
MoBj and WB 2 , are preferred since even when the sintered articles containing them are used in an oxidizing 
atmosphere, an oxidized layerformed on the surface will protectthe interior. 
« Although the detailed mechanism is not known, in the case of TIB* Ti0 2 or FeTi0 3 formed by the reaction 
-with iron prevents the internal silicon carbide from direct reaction with Iron. In the case of ZrBj, Zr0 2 or 
ZriSiO* formed by the reaction with Si0 2 which is in turn formed by the oxidation of silicon cerbide, exhibits 
high corrosion resistance against iron. In the case of CrB 2 , Cr 2 0 3 exhibits high corrosion resistance against 
iron. In the cases of MoB 2 and WB* Mo0 3 and W0 3 are considered to serve as protective layers. Further, Hf 
40 has an ion radius substantially equal to that of Zr, and therefore ZrB 2 is capable of forming a solid solution 40 
with HfB 2 . The boride mey be such a solid solution. 

The third component is contained in ah amount of from 2 to 99% relative to the silicon carbide of the first, 
component. If it exceeds 99%, the sintering becomes extremely difficult, and the oxidation resistance or 
fracture toughness tends to deteriorate. Preferably, it is not high than 49%. If it is less than 2%, no adequate 
45 corrosion resistance is obtainable. Preferably, it is at least 5%. More preferably, it is from 10 to 29% to obtain 45 
a sintered article having superior properties. 

The silicon carbide of the first component includes an ot-form and a B-form, and it may take either formor 
may be a mixture of both forms in the sintered erticle. 
Structurally, at least a half amount of silicon carbide grains in the silicon carbide sintered article of the 
50 present invention is constituted by elongated and/or plate-like silicon carbide grains. 

The structure of the sintered article can be ascertained by the observation by means of an optical 
microscope or an electron microscope. With respectto microstructures of conventional silicon carbide 
sintered articles, equiaxed grains having approximately equal dimensions in all directions, elongated grains 
which are monoaxially elongated and plate-like grains which are monoaxially short, are known as silicon 

55 ^tathe silicon carbide sintered article of the present invention, such elongated and/or plate-like grains 
constitute at least a half amount, preferably at least 70%, more preferably at least 90%, of the total silicon 
carbide grains. Such a structure is effective for preventing propagation of cracks and brings about high 
fracture toughness. Such elongated and/or plate-like grains preferably has an aspect ratio of at least 2.0, 

ftn more preferably at least 3.0. with a viewto attaining an improvement of thefracture toughness. Further, such 60 
elongated an/or plate-like grains preferably have a major axis of at least 0.5 urn, more preferably at least 2.0 
am. which indicates grain growthfrom equiaxed grains, whereby the aspect ratio will advantageously be 
high. If the major axis is too long, a defect is likely to be led. Therefore, the major axis is preferably not higher 
than 100am, more preferably not higher than 30am, to obtain high strength. In the silicon carbide sintered 
~~gglirtige^fWprasanrfnventi o n; the e lo ng a ted and/ or pla t e-li k e g r a in s a r e prefe rab l y ran do m l y o n e nt e d .a n d 65. 
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preferably mutually intercrossed so that the fructure toughness and creep rupture resistance of the ,int«r«H 
article are thereby improved. Further, in the silicon carbide sintered arSe offfe^reaem insertion the fees 
the equiaxed grams of silicon carbide, the better. However, the equiaxed grains may 

with the elongated and/or plate-like grains. In such a case, the equiaxed graTns preferably ha!e a S5?!L of 
5 not larger than 30 ^m, more preferably not higher than 2oVm. preferably have a gram size of 

Further, in many cases, a second component phase and a third component Dhase are ob^n/ed i„ «,„ 5 
silicon carbide sintered articles of the present invention. The second u£Z££l Xs? sSch as Ali D h a , a 
ispresent mostly as an intergranular phase at e.g. triple points, .n -JSKSpE^t^^ 
crystal grains having substantially the same size as the silicon carbide grains or it is observed m TSZm «f 

,0 an mtergranualr phase and crystal grains above-mentioned. The third componen pSZESZSSfiT ,„ 
many cases, as crystal grains, particularly as equiaxed grains. The average grain , size of^he wcond 10 
component phase Is preferably not .argar than 30 from the ^^^Si!S^mm^ 
and creep rupture resistance. Likewise, the average grains size of the third component phase s prXTSv 
not larger tfian 15 ^mfrom the viewpoint of the strength and corrosion resistance. P«*erably 

15 In the silicon carbide sintered article of the present invention, the silicon carbide grains, the second 
component phase and the third component phase are desired to be randomly and macmscopS 
uniformly dispersed so that the strength and corrosion resistance are uniform in the sintered article 

In the process for the production of silicon carbide sintered article of the present invent 
material bas.cally comprises the following three components. The first component ISSEJKjfS 

20 second component is Al and/or an Al compound. The third component is at least on boron "(SWnd 
selected from boron compounds of elements belonging to Groups 4A, 5A and 6A in the 4th sTan^Th 
periods of the periodic table, i.e. Ti, Zr, Hf. V. Mb, Ta, Cr,Mo and W Tricon ciLide steLTm^S may 
becomposed predominantly of either the a-form orthe p-form, ormay be a mixture of both £2Tho\£Z 
the p-form is preferred since it is likely to form elongated or plate-like grains while being converted " 0 ° WeVer ' 

25 4H-type among various types of the a -form. The starting material silicon carbide is desiredTo be as pure a* 
possible. particulars, in order not to lower the mechanical properties, the total amoumoTtheNa cortem ?^ 

~"tant and the Ca content should not exceed 0.2%, preferably 0.05%, as calculated as metels As ' 
mentioned above, it is also desirable that the Si0 2 content attributable to the surfacToSS is Minimum 
AIC S ae £ on componen *' Al, AI2O3, AI{OH) 3 , AIN, (i-C 3 H 7 0)3AI (aluminum isopropoxidejl^UC^nd 

30 iin^ 3 8 2 < a J um, " ur T ethytenediaminetotraacetate) may be mentioned. Amongthem, Al, A^of AlfOHl, 
and A N are preferred, since active fine powders having excellent sinterablllty are readily obteinaSe l"is 
usual to employ one of them alone. However, they may be used in combination of two I ^differen 
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Such a second component is used in an amount of from 0.25 to 40% as calculated as Al relative to the 
35 sHicon carb.de of the first component The numerical range is somewhat different from ^e^orr^SD^ndino 
proportion ,n the sintered article. Thisisdueto me fact that theAl content is likd 
the sintering process and at the same time, it is possible to supply it from the atmosphere The second 
component is preferably not more than 25%, more preferably not more than 15%. hh^S^L 

JS? 6 thi ^ componen *' various borides as mentioned with regard to the third component in the sintered 
article may be employed forthe same reason. Further, boric acid salts such as TiB0 3 end CrB0 3 and ET 

45 J^^ r ^^° n T'? USedi . nM amount °ffrom 2to 120% relative to the silicon carbide of the first 
nZ«^o„^?h ^ meri ° al ™ge^ somewhat differentfrom the above-mentioned corresponding 
proportion in the sintered article. This is due to the fact that boron compounds other than borides mav be 
used, and the ^th.rd Component itself ora part of the constituting elements of the third cimTonrnuTSkei; to 
be evaporated durmg the sintering process. The third component is preferably not moroSan SS% more 

50 preferably not more than 29%. It is preferably at least 5%, more preferably at least 10% The treason far Lurh ^ 
limitations is similar to that described with reference to the sintered article 50 

CO m„ 8 o^S rll 9 ' f ° r i he Si ' iCOn C9rbide Sintered artic,B of the Dresent invention is preferably 
composed solely of these three components so far as the components to be positively remained in the 
.sintered article are concerned. However, the starting material may contain small amounte of other 
55 components so long as they do not impair the purpose and effects of the present indention 

in !!SJ m f ' a ? T! 9 " 8 ? f " the res P ectiv e predetermined amounts, and pulverized and mixed 

In a dry or wet system so as to bnng the average particle size of the first component preferably to a level of 
not more than 0.8,1m, more preferably not more than 0.4 urn, the average particle *S?^wZ££Zni 
third components to a level of preferably not more than 10 ^m, more preferably not Tore *? S 

60 s n uTta 8 Je a m^dTnnS h bi „ der 'K tC - ™ Y * a ° d m,X6d ' 8nd the mfxture ,s ^™d?l a gree7body by a 60 
m«! S ™ d S me ; hod su ° h as 8 M « mo,d 'n9 method, a press molding method, an injection molding 
method or an extrusion molding method. "luiuing 

h»I?L 9 - reen bodv obta ? ned m ay, if necessary, be subjected to removal of the molding binder end then 
heat ed in a vacuumed atmosph ere oflinoh-o^ 

? mSJK reof from 180(n5 ^^^ 
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component turns into the Al and/orthe refractory Al compound during the sintering process, and at the same 
time a part thereof reacts with silicon carbide or Si0 2 present on the surface of the silicon carbide, to form a 
liquid phase. It is considered that in this liquid phase, fine silicon carbide particles repeat dissolution and 
precipitation, whereby elongated or plate-like grains grow, and form a rnicrostructure having high strength 
5 and high fracture toughness. Finally, the liquid phase becomes mainly a refractory Al compound. 5 
The boron compound of the third component undergoes thermal decomposition or reacts with the Al 
and/orthe Al compound or the silicon carbide to form a stable boride during the sintering process. However, 
at this sintering temperature, it is unlikely that the grain growth proceeds too much. 
It is preferred to pulverize the starting powder to a level of not larger than 0.8 jon, so that at the time of 

10 sintering it under a pressure of not higher than 10 atm, the reactivity will be high, the liquid phase will be 10 
readily formed, and even when the grain growth proceeds, it is unlikely that coarse grains as large as more 
than 100 \im will form, and it is usually possibleto control the grain size to a level of riot larger than 30 |i,m. It 
is advantageous to conduct the sintering at a pressure of not higher than 10atm, since the densification can 
thereby be facilitated, and a complicated large size shaped product can be sintered in a furnace having a 

-j 5 simple structure.lt is particularly preferred to conductthe sintering under a pressure at a level of 15 
atmospheric pressure or under reduced pressure. 

If the sintering temperature is lower than 1800°C, the formation of the above-mentioned liquid phase will 
be less, and the sintering will not proceed. The sintering temperature is preferably at least 1 900°C, whereby 
the density of the sintered article will be high. On the other hand, if the temperature exceeds 2300°C, the 

20 reaction of silicon carbide with the liquid phase will be vigorous, and the decomposition proceeds. The 20 
sintering temperature is more preferably not higher than 2200°C. 

As the non-oxidizing atmosphere, N 2 or Ar is preferred. However, it may be an atmosphere composed of 
or containing H 2 , CO or NH 3 . 
The non-oxidizing atmosphere preferably contains a vapour of Al and/or an Al compound. Namely, it is 

25 thereby possible to prevent or control the evaporation of a part of the Al and/orthe Al compound in the green 25 
body during the sintering operation. 

In the process for the production of a silicon carbide sintered article according to the present invention, the 
sintered article thus obtained is preferably subjected.further to heat treatment in a non-oxidizing atmosphere 
under a pressure of at least 20 atm at a temperature of from 1 800 to 2300°C. By such heat treatment, for 

30 instance, a sintered product having a density of about 90% (relative to the theoretical density, the same 30 
applies hereinafter) obtained by the first stage sintering can be densified to a density of at least 95%, 
whereby the strength and the corrosion resistance will be improved. 

The pressure of at least 20 atm is intended to facilitate the densification. However, if the pressure exceeds . 
3000 atm, the container is required to be scaled up to an impractical leveL The pressure is more preferably 

35 from 50 to 2000 atm. The temperature of at least 18000°C, more preferably at least 1900°C, is intended to 35 
facilitate the densification by forming the liquid phase again. The upper limit of 2300°C, preferably 2200°C is 
meant to prevent the decomposition of the sintered material. The non-oxidizing atmosphere is preferably N 2 
or Ar. However, it may be an atmosphere composed of or containing H 2 , CO or NH 3 . Further, the 
non-oxidizing atmosphere for such heat treatment, may contain a vapour of the Al and/orthe Al compound. 

40 The sintered articlethus prepared may be employed as it is, or after machined into a predetermined shape. 40 
The sintered article of the present invention may preferably be prepared by a so-called pressureless sintering 
method without relying on the hot pressing method. Therefore, it is possible to obtain not only an article 
having a simple shape but also an article having practically any desired shape including a complicated 
shape. Further, also with respect to the size, there is no particular restriction on the apparatus as in the case 

45 of the hot pressing method, and therefore a large size product can readily be obtained. 45 
The silicon carbide sintered article of the present invention is characterized in that it is obtainable by a 
so-called pressureless sintering method by using highly pure fine powder starting materials and by using Al • 
and/or an Al compound as a sintering agent, and it has a specific rnicrostructure, high strength, high fracture 
toughness, high thermal shock resistance and relatively superior oxidation resistance. Therefore, it can be 

50 used for various high temperature structural materials. By virtue of the excellent corrosion resistance, 50 
particularly the excellent corrosion resistance against iron, the silicon carbide sintered article of the present 
invention can be used as a structural material which is brought in contact with a high temperature molten 
metal or a high temperature iron (or steel) material. Among the silicon carbide sintered articles of the present 
invention, those containing a relatively large amount of Al 2 0 3 or AIN, have an electric resistance at 15°C of at 

55 least 1 0 Xlcm, and the temperature coefficient of the electric resistance is negative, thus indicating 55 
characteristics of a semiconductor. Therefore, if their surface is oxidized, they can be used as good 
insulators. Thus, they can be used also as semiconductors or insulators useful at high temperatures. 

The silicon carbide sintered articles of the present invention are useful for rollers for continuous casting, 
conveying rollers, skid buttons or skid rails for a heating furnace for iron or steel, skid buttons or skid rails for 

60 a heat treatment furnace for iron or steel, parts for blastfurnace, converter, open-hearth furnace or electric 60 
furnace, parts for contacting molten iron or steel, protective tubes for thermocouples, stirring vanes, filters, 
etc. 

Now, the present invention will be described in further detail with reference to Examples. However, it 
should be understood that the present invention is by no means restricted by these specific Examples. 

_ : r 65- 
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Examples 

having a purity of at least 98% and an Ze!aae £ ft * T J? 3 *' 0 ' 6 S ' 2e ° f 03 (2 > 
5 an average partic.esize of 0.8 ^m and « EST £5 £b V B ° f * leaSt 98% 8nd 
purity of at least 98% and an awrage TpartSe £ o^m*!^ 3 V-^' CrB2 ' M oB * or WB * havi "9 a 

a-SiC having an average particle "sfee of 1 urn and « ii o h ^f^ 0 ^ 6 ' m,XtUre was prepared b V mi ™9 
ratio of the SiC and theV^on^ (2) - that the weight 

roeSdtVa^ 

In Examples 15and 16, no borJc^p^^a^^lS^^ ? 8 *° atm 8t 1950 ° Cfor2 h °«^- 
thickness of 10 mm which was SEES* V2£S£ ^7^Z^rj^SSt^ de ^ 8 
20 atmosphere under atmospheric pressure by means of a" S^*SS^!£^££^ 

content was 24.7%, relative to SiC, respectively * the A ' 0Ontent Was 3 ' 6% and the 

25^8%^^'^ 

2 contemwas 24.0%, relative tosl^ 

a microstructure wherein ek£££XX!^ L"* 9 ' the sintered article had 

In Table 1, the flexural strength was measured by a three-point flexural test with « t««t „io~ k- • 
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TABLE 1 



SiC Al or Al compound Boron compound Sintering conditions 
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Relative FlexuaraJ strength .- ^/c - ."' Iron piece- 
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95 43.7 27.8 

35 91 40.5 27.1 

97 48.2 29.1 
90 50.8 31.0 
94 45.8 32.0 

93 47.2 31.3 
40 92 40.7 28.2 

90 39.6 26.8 

92 42.1 28.6 

92 42.3 283 

92 48.0 303 

45 91 45.7 25.6 

88 41.0 30.7 

92 44.9 29.4 

94 54.8 36.5 

98 64.7 47.8 
50 98 58.5 35.2 



4.1 0.02 

4.2 0.07 35 

4.5 0.02 

4.7 0.04 

3.8 0.04 
3.7 0.10 

4.1 0.10 40 

3.9 0.10 

3.6 0.10 

4.3 0.07 
3.9 0.06 

4.0 0.07 45 
3.9 0.10 

3.6 0.11 
5.3 0.17 

4.1 0.15 

2.7 0.06 50 



CLAIMS 

55 1. Asilicon carbide sintered article consisting essentially of silicon carbide; from 0.5 to 35% by weight as 55 
calculated as Al relative to the silicon carbide, of Al and/ora refractory Al compound; and from 2to 99% by 
weight, relative to the silicon carbide, of at least one boride selected from borides of elements belonging to 
Groups 4A, 5A and 6A in the 4th, 5th and 6th periods of the periodic table, wherein at least a half amount of 
silicon carbide grains is constituted by elongated and/or plate-like silicon carbide grains. 

60 2. The silicon carbide sintered article according to Claim 1 , which contains from 1.0 to 25% by weight, as 60 
calculated as Al relative to the silicon carbide, of al and/or a refractory Al compound. 

3. The silicon carbide sintered article according to claim 1, which contains from 5 to 49% by weight, 
relative to the silicon carbide, of at least one boride selected from said borides. 

4. The sfflOT/vra^ a boride of a Group 4A 
fiRvOi^6A elementing 65 
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5. The si icon carbide sintered article according to Claim 4, wherein the boride is TiB,. 

6. The silicon carbide sintered article according to Claim 4, wherein the boride is 2rB 2 . 

7. The silicon carbide sintered article according to Claim 4, wherein the boride is CrB 2 

8. The silicon carbide sintered article according to Claim 1, which is a structural material for contactinq a 
5 high temperature molten metal or a high temperature iron or steel material. contacting a 

9. The silicon carbide sintered article according to Claim 1, which is a skid button or skid rail for a heatina 
furnace or heat treatment furnace for iron or steel. neanng 

10. A process for producing a silicon carbide sintered article which comprises sintering a green body 
comprising silicon carb.de, from 0.25 to 40% by weight, as calculated as Al relative to the silicon carWde of 

compound selected from boron compounds of elements belonging to Groups 4A, 5A and 6A in the 4th 5th 
and 6th periods of the periodic table, in a vacuumed atmosphere or in a non-oxidteing atmospnere under a 
pressure of not higher than 10 atm at a temperature of from 1 800 to 2300°C pspnere unaer a 

11. The process according to Claim 10, wherein the green body comprises from 2.0 to 25% by weiaht as 
, 5 calculated as Al relative to the silicon carbide, of al and/or an al compound 9 

Ji*T h !J? r ° ? SS acC0 ^i ng *° Cl , aim 1 °< where{n tne sreen body comprises from 5 to 49% by weight, 
relative to the silicon carbide, of at least one boron compound selected from said boron compounds 

1 3. The process according to claim 1 2, wherein the boron compound is a boride. 

14. The process according to Claim 13, wherein the boride is TiB* 
20 15. The process according to Claim 13, wherein the boride is ZrB 2 . 

16. The process according to Claim 13, wherein the boride is CrB 2 

0.8 1 I'm. 1116 PrOCeSS aCC ° rdin9 10 C,aim 10 ' wherein tne si,icon «•*'<»• ha * «n average particle size of at most 

18. The process according to Claim 10, wherein the Al and/orthe Al compound and the boron compound 
25 have an average particle size of at most 1 0jim. compound 

A^^eA^^nT 9 * 1 °' Wher6 ' n *• no ™* idi ™° atmosphere contains a vapourof the 

20. The process according to Claim 10, wherein the green body is sintered in a vacuumed condition or in 

SiSP^ ih! TPS?. U K d6r 3 PreSSUre ° f " 0t hi9her than 10 atm at a temperature of from 1800 to 
30 2300 C, and then subjected to heat treatment in a non-oxidizing atmosphere under a pressure of at least 20 
atmatatemperatureoffrom1800to2300 0 C. 

21. A silicon carbide sintered article, substantially as described. 

22. A process for producing a silicon carbide sintered article, substantially as described. 
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